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SensorWeb High Level Architecture

Sensors, Algorithms and Models Wrapped in Web Services Provide Easy Access to
Sensor Data and Sensor Data Products
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Add Cloud Computing
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Hadoop and Tiling Handles Large Dataset
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Flooding in Divundu, Namibia

e For area upstream of the Okavango Delta
e Early 2012, establish ROl and standing request
e Baseline scenes acquired before onset

e Recurring acquisition per cloud predictions

e Earth Explorer reports new acquisitions

WCPS cloud automatically ingests new data
Select scenes and apply desired algorithm
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Recurring Acquisitions Scheduled
Via EO-1 SensorWeb for Divundu
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A model is developed using the Weka regression tree
supervised classification algorithm.
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Use OpenStreetMap

f Avolcano, either dormant, extinct or active

natural volc:

natural water EIB]

—

natural wetland

Lakes, etc.

Bi mma\un fripedia) T

OpenStreetMap provides
preset tags that enable map
clients to automatically map
polygon data as
demonstrated here.

Natural primeval woodland. For forests that are managed
by someone, use landuse=forest instead.

natural wood [=]3)

natural | user defined E] (|

This table is a wiki template with a default description in English. Editsble here.

All commonly used values & according to Taginfo

Office
An office is a place of busi where administrative or profe | work is carried out.

Key [ | Value [ Element Comment Rendering
office accountant BE] An office for an accountant.

a0

examples: 'Alkmaar’, ‘Regent
Street, Cambridge’, 'CB2 SAQ', or
‘post offices near Linen’ more
examples...

OpenStreetMap is a free
worldwide map, created by
people like you.

The data is free to download and
use under its open license. Create
a user account to improve the
map.

Help

Help Centre
Documentation
Copyright & License
Community
Community Blogs
Foundation

User Diaries

GPS Traces
Map Key

Make a Donation

Greenbelt
L3 ke

login|signup _
- ®

v Standard

Q‘:' saint
\ughs oy
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Vision of Generalized Water/Flood Architecture
with Parallel OpenStreetMap (OSM) Format Output

Digital YETS
Elevation / Global Water Mask Renderer
Model such as MODIS44W Tiled
(Geotiff) GeoServer (Geotiff)
Raw ontinuous.
Satellite | \web Map | Web Coverage provemant
, = Data Server Server (|
> g Crowd
- v ¢ ~ sourcin
Radarsat-z, ENVISAT Improve Satellite Based 9
Flood Water Mask with Ground
Processor Data
.OSM/XML
(OpenStreetMap Edit/Annotate
MODIS (Terra, Aqua...) Format) With: JOSM or
Landsat-7 GERRRGT L ATCH2

xtent Products

Contour DB

Classificatio
MONEEN i Geotiff or Tiled KML/KMZ formats Target database is PostGIS/Postgres which is

open DBMS using osm2pgsql schema
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major Aerospace Engineering, Middle: Chris Flatley, summer
intern, Virginia Tech, major Computer Engineering

Student Work - Java OpenStreetMap Editor Familiarization - GSFC
Lake & Greenbelt Lake - Taking GPS Points to Lay Track on Map

Joshua Bronston, Navajo Tech College
GSFC Coop student — Pursuing Masters in
Computer Engineering

College
Park, engineering student with Neil Shah and
Chris Flatley

Left: Michael Mandl, Univ. of Md




Experiment to Add Ground GPS Points, Add EO-1 ALl Water
Detection Converted to Polygons and Begin to Edit in OSM
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Green frack {8 GPS track from walk around 1ake
Red track is converted polygon representing water contour from EO-1 ALI (known approx. 300 meter offset)
Blue track is use of JOSM to move satellite derived polygon using JOSM editing capability
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Automatic Time Series for Floods
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3 SensorWeb data.
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. .4 comprehensive data
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Potential flood progression created with Java
OpenStreetMap (JOSM).
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Future Goal is to Automate Creation of Time Series Differential
Map, Below is Example Manually Created in 2009 by Unosat
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Use OpenStreetMap

1.

Use Planet.osm to store and ever improving base water mask
with contributions from many sources

- Use commonly used tags to maximize interoperability
- Use standard tags to enable use of standard map clients

Use combination of standard and augmented tags to enable
calibration and validation of satellite images

- Define tags and terms needed for use by hydrologists (e.qg.
error locations of water)

- Query database and customize output display

Use heterogeneous data base of water contours to query data
base and create customized time series of water progression of
floods from multiple sources
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Kavango River in Namibia. Radarsat image processed manually by MacDonald Detweiller and Associates (MDA)
as a PDF shape file (blue: open water; yellow: inundated), derived from the image processing applied to the Feb. 17,
2012 RADARSAT-2 image, converted into KML format and displayed in Google Earth.
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Prototype Automated Radarsat Water Extent
(without Inundation Differentiation) in Tiled Geotiff

P

I~l

@800 Google Earth Pro

h? "":' ¥ .!‘:-_{‘-‘5" A: : %Imagv:ﬁ?(?fzéﬂgﬂe ’: é" .f - ,.’; :
Same Kavango |mage Feb 17,2012 in Namibia but processed with
our automatic Radarsat processor algorithm with tiled output running on laptop.
Goal is to run on Matsu and Joyent clouds to make it a “do-it-yourself’ process.
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Next Steps that are in process; Convert Geotiffs
to Polygons with OpenStreetmap Tags

- Original Geotiff file was 1.2 Gbytes

- Converted OpenStreetmap file was 2.4 Gbytes
- Took 24 hours to process

- Need streamlined methods to make this happen

- Also need to identify tags to use when this conversion is done to
make it useful for hydrologists

19



Repeat Process with Namibia Data Gathered January 2012
Radarsat, EO-1 and Ground GPS (late summer 2012)

McCloud Katjizeu (orange) Dept. of Hydrology
compares GPS readings of control point with U.
Namibia students for mapping exercise.

Georeferenced photos enable Rob Sohlberg/UMD to
train classifier algorithm to detect presence of water
in grassy marsh lands from satellite data.
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Onboard Processing Controlled by

SensorWeb Software

SCIENCE USER

algorithm

High speed instrument
data source

Tilera Flight Testbed

u| [oord [Rwe] [cPo)

Select algorithm
to run

Level 2
Data
Product

.........

Parse tree

WCPS Algorithm
Builder Service

Algorithm

Onboard WCPS

AlgorithmB ~ Runtime
uffer Service
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Roadmap for IPM Flight Opportunities
2020+ HysplIRI/HSI+
2013-2014 2013-2014 2013-20141 hermal

W g DY

- 3

Maestro-lite

SpaceCube Xilinx
FPGA
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Intelligent Payload Module (IPM) Prototype
without Box

Tilera board
Neil Shah/581 -
summer intern ~/Dream plug
¢ (processor)

Matt Handy/583

"

\
e YO S ¢

_ o — \l ﬂl‘\ ‘ ’

’ ———— N
. v v' \ Solid state disk

29

Freewave Radio Transceiver &
Antenna
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Testing Freewave Radio

Vuong Ly/581
=, summer intern

Chris Flatley/581
summer intern

—
-

\
1
\

Neil Shah/581
summer intern
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IPM Testbed W|th T|Iera Actlng as Proxy for
d-(building 23

AAA“A'A_—_—LAA‘“‘_.—‘l‘_AA' .

Above: Vuong Ly/583 (Ground System SW Branch) standing front of
IPM testbed holding a SpaceCube board.

Right: Tawanda Jacobs/582 (Flight SW Branch) working on integration of
cFE onto IPM testbed.
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Designed Box with Pro-E to House IPM
Components

Mike Mandl/UMCP Student
Mike Flick

Neil Shah/Summer Intern
Chris Flatley/Summer Intern
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Plan to Mount IPM to Helicopter for

Mike Mandl/UMCP Chris Flatley/581
student Summer intern




Flight Architecture

Algorithm Metadata

Observation
File

CASPER WCPS TImOut Scheduler

cFE Message Bus

Cmdin CEDP CFDP App moves it to proper
Directory for CASPER

WCPS — Web Coverage Processing Service
CmdIn — Command Ingest
TImOut — Telemetry Output

CASPER - Continuous Activity Scheduling Planning _
Execution and Replanning system Load New Observation
CFDP - CCSDS File Delivery Protocol Request File (Aspen _ini, goa|)

28
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Components

e Tilera TILEPro
e SpaceCube — — — -~
e DreamPlug | i
e Solid State Hard Drive fsd ¢4 |
E@ =
e Power Board £ N2
e Router
e FreeWave Radio

The IPM team (from left to right): Josh Bronston (581),
Tim Creech (UMD), Chris Flatley, Neil Shah, Vuong Ly
(583)
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AN 'IPM Assembly with Tilera Box, SpaceCube Box
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Auto-parallelizing Using AESOP on Spectral
Unmixing Algorithm

AESOP - Speedups in Parallelized Spectral Unmixing on TilePro64
As compared to unmodified source compiled directly by Tilera's GCC 4.4 port.

S = Computational Components
—&— SPCA e R

ol —o— NFINDR P gt

—— ISRA —

—— Total

25

20
|

Speedup
15

10

Threads

*Speedups on the TilePro64 obtained entirely automatically
v"Tool chain consists of ~1000 lines of C code
v'Written by a NASA collaborator (Antonio Plaza) for x86 with no special knowledge of
or intent for AESOP or TilePro64 hardware
v' Speedups shown are for TilePro64, used as a proxy for Maestro which was not yet

available
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Conclusion

- SensorWebs provide opportunity to gather sensor data,
especially, satellite sensor data, cost-effectively, rapidly and on a
“do-it-yourself” basis

- SensorWebs leverage interoperable open standards
- SensorWebs are good tools when rapid decision support is

33



